S U MM AR Y Thirty-five patients with deep brain tumours have been submitted to transtumoral stereotactic impedance monitoring and serial biopsy. The direct examination of the biopsy samples confirmed the presumptive clinical and neuroradiological diagnosis in 25 patients, but in 10 patients the histological diagnosis differed from the presumptive one. In this second group the treatment was changed as a result of the histological findings. Stereotactic biopsy avoided the risks of "blind" management. The technique, the indications and the diagnostic advantages of stereotactic biopsy are reported with two illustrative cases.
The surgical treatment of deep brain tumours may be by microsurgery,' stereotactic irradiation,24 stereotactic cryosurgery,5 or stereotactic radiofrequency coagulations.' Chemotherapy and radiotherapy are used for non-invasive treatment in selected cases. 8 The choice between different treatments is easier if the histological nature of the neoplasm is known. [9] [10] [11] A reliable method of learning the histological nature of a deep brain tumour is by serial stereotactic biopsy using the CT scan and guided by transtumoral impedance monitoring.'2 13 In this paper we discuss the indications, the diagnostic advantages and the technique of this procedure.
Material and methods
Of 306 patients with brain tumours, admitted to our department in 1979, 35 patients with deep seated lesions underwent stereotactic biopsy and impedance monitoring of the tumour and adjacent tissues. In each patient the tumour was first localised by angiography and CT. In nine patients the mass was in the basal ganglia region, in seven patients in the frontal subcortical white matter, in five patients in the temporal subcortical white matter, in two patients in the parietal subcortical white matter, in two patients in the pineal region, in three patients in the midbrain, and in seven patients in the sellar and suprasellar regions ( The tomodensitometric image of the tumour was transposed to stereotactic plain radiographs following a graphic and mathematical method similar to the one described by Gleason et al.6 Multiple targets within the mass were chosen in order to obtain several tissue samples from different areas of the tumour; the targets were along linear penetrating trajectories passing through the tumour from the superficial to the deep boundaries.
When the CT scan showed heterogeneous densities in the tumour, the targets were calculated to investigate the focal abnormalities within the neoplasm by several trajectories.
In 30 cases the stereotactic co-ordinates of a single linear trajectory were calculated allowing five to eight targets, while in five patients more trajectories were used. The Riechert stereotactic apparatus was employed and the whole procedure was carried out under general anaesthesia. Stereotactic ventriculography with positive contrast medium (Dimer X, or Amipaque, or Conray), was used in the procedure.
A 9 mm diameter burr hole was made in the frontal bone and a stainless steel electrode (diameter 0-8 mm) was placed within a cannula (diameter 1 5 mm) and inserted and guided along the chosen trajectory by the stereotactic apparatus; the electrode had a bare tip protruding from the cannula (length 2 mm) recording the impedance values and connected to the impedance recorder (Radionic apparatus RFG 5s working at 50 kHz, 100 ,uA current). The detected impedance profile was correlated with the depth of the electrode and with the stereotactic co-ordinates of the mass in order to obtain the impedance value of the tumour and adjacent tissues'3 (figs 1 and 2) confirming the real boundaries of the neoplasm. 397 The electrode (diameter 09 mm, Fischer Co Freiburg) was then removed and biopsy forceps introduced along the same trajectory. The tissue samples were taken out, at the chosen target, using both CT transposed data and the impedance profile. Part of each sample was examined at once by smear technique and methylene blue staining14 15 to confirm the 0 E 0--c presence of neoplastic tissue; a major part of the sample was embedded in paraffin for histological examination.
Results
The site and histological diagnoses are given in the table.
The presumptive diagnosis based on clinical and neuroradiological data was confirmed by direct histological examination in 25 patients of this series, while in 10 cases the histological diagnosis was different from the presumptive one. In this second group the planned therapy was changed 10 0 ohms 700 CT scan examination with intravenous contrast medium showed the tumour to have a hyperdense rim surrounding a low density central area (fig 3a) . Cerebral angiography showed only displacement of vessels without abnormal vessels.
The presumptive clinical and neuroradiological diagnosis was of a cystic astrocytoma of the brain stem. Serial stereotactic biopsy was performed. The impedance profile derived during the procedure showed values higher than that of the cortex in the area corresponding to the hyperdense rim, with values lower than that of the cortex at the levels corresponding to the hypodense central area of the tumour (fig 1) . Tissue samples were taken from the high-impedance area (rim area in CT scan) while from the lowimpedance area only a few millilitres of yellow proteinaceous fluid could be aspired through the cannula. Histological examination of the tissue showed that Giovanni Broggi and Angelo Franzini the tumour was a Schwannoma (fig 3b) . Fifteen days later the tumour was removed by a subtemporal approach with microsurgery and its origin from the left third nerve was discovered.
Case 2
This fifty-six-year-old man had suffered from mild right hemiparesis for three months. CT examination with intravenous contrast medium showed a hyperdense lesion involving the left basal ganglia and surrounded by a widespread hypodense area involving the parietal subcortical white matter (fig 4a) 2) . Histological examination showed that the tumour was a germinoma (fig 5) . The patient was treated by external radiotherapy with 5000 rads delivered over a period of two mon'ths. Four months later CT examination with intravenous contrast medium showed disappearance of the tumour and surrounding oedema (fig 4b) . A few days after treatment began the right hemiparesis dramatically improved and one year later only slight hyperreflexia on the right side was present.
Discussion
The following conclusions are suggested.
The technique of serial stereotactic biopsy has a low risk.
Impedance monitoring may be crucial in the choice of targets, allowing the detection of different structures in the neoplasma, for example, cyst, necrotic areas, oedema and neoplastic solid tissue. Moreover real boundaries of the tumour may be ascertained.
Intraoperative imprint cytology is a useful tool to confirm the value of the targets and allows an immediate correlation with the impedance data.
The best management of deep brain tumours is assisted by a knowledge of the histological nature of the lesion, avoiding inappropriate treatment based only on clinical and neuroradiological data (inappropriate treatment was avoided in 10 cases in our series).
Finally, we conclude that nowadays no "blind" surgical or radiation treatment is justified in deep seated brain tumours in which the diagnosis is not completely certain.
